Serologic responses to the newly introduced rough Brucella abortus vaccine strain RB51 have been determined in a dot-blot format using ␥-irradiated RB51 cells as the antigen. Because ␥-irradiated cells are not easily prepared and the signal from cells was not always reliable, an alternative antigen was sought. Detergent extracts of B. abortus RB51 were prepared using zwittergent 3-14, Triton X-100, and sodium dodecyl sulfate (SDS) and examined in a dot-blot format. Zwittergent 3-14 extracts and ␥-irradiated RB51 cells gave the same titers. Unlike ␥-irradiated RB51 cells, zwittergent 3-14 extracts produced signals consistently, and the signals were easily interpreted. Triton X-100 extracts interfered with signal development, and SDS extracts resulted in a high background signal. Western blot analyses revealed several outer membrane proteins in the zwittergent 3-14 extract. The major antigens in the extract had apparent molecular weights of Ͻ20,000.
The rough vaccine strain Brucella abortus RB51 13 is used widely to vaccinate cattle against bovine brucellosis in the USA. Because the RB51 vaccine strain lacks O-antigen on the lipid A core of its lipopolysaccharide (LPS), sera from RB51 vaccinated animals do not react in the standard serologic assays, such as the rapid field card test for brucellosis. 1, 13, 15 Animals infected or vaccinated with smooth brucellae produce antibody to brucellae outer membrane proteins (OMPs) [4] [5] [6] and to LPS. Sheep infected with Brucella ovis strains, which are naturally rough, produce antibodies to both OMPs and rough LPS. 12, 17 Several assays use killed RB51 cells to detect serologic responses to RB51 in cattle. In early studies, Western blot analysis was used to detect antibody responses to RB51. 13 Later, dot-blot assays were developed using RB51 cells killed either with acetone 3 or by ␥-irradiation. 14, 15 More recently, a complement fixation assay was developed that uses heat-killed cells. 1 In this study, detergent extracts of RB51 cells were prepared and analyzed as a substitute for RB51 cells in detecting immune responses to RB51 in a dot-blot assay because the RB51 cells sometimes failed to give results and the uneven signal obtained was not always easily interpreted.
Materials and methods
Bacterial cultures. Brucella strains used in this study were the vaccine strain B. abortus RB51, a ␥irradiated B. abortus RB51, a,15 and B. abortus 2308 (S2308). a Each vaccine strain was cultured at 37 C in the presence of 5% CO 2 for 2 days on tryptose agar plates b supplemented with 0.5% agar. 2 Cells were harvested by suspension in TE buffer (10 mM Tris, 0.5 mM ethylenediaminetetraacetic acid, pH 8.0) and adjusted to 2-3 ϫ 10 11 cells/ml (30% transmission at 0.01ϫ) with TE.
Extraction of cells. Logarithmic cultures of RB51 resuspended in TE or ␥-irradiated RB51 resuspended in phosphate-buffered saline (PBS; 0.15 M NaCl, pH 7.2) were extracted with zwittergent 3-14 c in the presence or absence of citric acid, with Triton X-100, d or with sodium dodecyl sulfate (SDS). e These extracts were designated ZCE, ZE, T-100E, and SDS-E, respectively. RB51 cells were extracted as follows. Three hundred microliters of RB51 cells (2.5 ϫ 10 11 cells/ml TE or PBS) was added to 1.0 ml of TE and 120 l of a 10% aqueous solution detergent, making the final concentration of detergent about 0.8%. Cells were then incubated with the detergents at 50 C for 1 hr. When the extraction was done in the presence of acid, 120 l of 1 M citric acid f was also added. The cells were removed by centrifugation at 14,000 ϫ g for 10 min. Extracted cells kept for further analysis were resuspended in 300 l of distilled H 2 O. Cells were also extracted with one-half and double the volume of detergent given above. ZCE prepared from live RB51 cells was analyzed before and after filtering through a 0.2-m filter. g Acetone precipitation. For Western blot analyses, the extract was concentrated 5-fold by acetone precipitation. The RB51 detergent extract was precipitated by the addition of 500 l of acetone f per 50 l of detergent extract. The precipitate was collected by centrifugation at 14,000 ϫ g for 10 min and then dissolved in 50 l of water.
Dot-blot analyses. Dot blots using cells were performed as described previously 15 except that goat an-tiserum was used as the secondary antibody and was diluted 1/1,000 rather than 1/10,000. Either 1 l of RB51 cells (27% transmission at 600 nm) diluted with 40 l of Tris-buffered saline (TBS; 0.02 M Tris, 0.5 M NaCl, pH 7.5) or 1-3 l of extract diluted to 100 l with TBS was added to the wells of a 96-well microfiltration unit h fitted with a supported nitrocellulose membrane. i Cells and extract were incubated at room temperature for 30 min. By application of vacuum, the liquid was removed and the membrane was dried. Each well was then blocked for 30 min with 100 l of blocking solution (TBS containing 0.3% fish gelatin). The wells were washed 2 times with 100 l of TBS containing 0.3% Tween-20 (TTBS) and dried by vacuum. Two-fold dilutions from 1/40 to 1/10,240 of bovine serum diluted in 100 l of antibody buffer (TTBS containing 0.2% fish gelatin) were applied to wells and incubated for 30 min. The wells were dried by vacuum and washed 2 times with 100 l of TTBS. For detection of immunoreaction, 100 l of goat antibovine IgG (heavy and light chains)-horseradish peroxidase conjugate (GAB-HRP) j diluted 1/1,000 in antibody buffer was applied to each well and incubated at room temperature for 30 min. The wells were washed 2 times with 100 l of TTBS and dried briefly by vacuum. The membrane was removed from the unit, placed in ziplock bags, and washed 2 times with TTBS and once with TBS. Color development of the blots was performed with GAB-HRP, 4-chloro-1-naphthol in diethylene glycol, and hydrogen peroxide. k The reaction was stopped with distilled H 2 O. The titer was designated as the highest serum dilution that gave a darker signal than that of the preimmune serum.
Western blot analyses. Extract and cells were prepared for SDS-polyacrylamide gel electrophoresis (SDS-PAGE) 10 by heating at 95 C for 3 min in Laemmli sample loading buffer. e Extracts used for SDS-PAGE had been concentrated 5-fold acetone precipitation. Following cell lysis in loading buffer, cell lysates were centrifuged at 14,000 ϫ g for 5 min to lessen the viscosity before loading the lysates on the gels. Extract (20 l) and lysed cells (4 l of 2.5 ϫ 10 11 cells/ml) were separated on 4-15% Tris-HCl gels l and electrophoretically transferred m to supported nitrocelluose membrane i for Western blot analyses as per the manufacturer's instructions. The blots were blocked for 1 hr with blocking solution, washed with TTBS, and incubated at room temperature for 1 hr with the primary antibody. Either RB51 bovine serum or OMP monoclonal antibodies n (MAbs) diluted 1/150 in antibody buffer were used to probe the blots. The blots were incubated with secondary antibody (1/1,000 dilution) for 1-2 hr at room temperature. GAB-HRP e was used as the secondary antibody for blots reacted with bovine serum. Goat anti-mouse IgG (heavy and light chains)-horseradish peroxidase conjugate e was used as the secondary antibody for blots reacted with MAb to OMPs. Reaction was detected by color development as with the dot-blot assay.
OMP MAbs. RB51 cells, RB51 ZC extracted cells, S2308 cells, and RB51 ZE were analyzed in a Western blot format for reactivity with MAbs n to Omp 10, Omp 16, Omp 19, Omp 25, Omp 89, Omp 36 2b, and peptidylglycan (PG) subunit. 4, 6, 18 Sera. Preimmune and immune serum samples a used in this study were obtained from cattle given 1.3 ϫ 10 10 colony-forming units of B. abortus RB51. Serum samples were collected at 2-wk intervals over 16 wk. Sera from cows B227, B228, B230, B231, and B235 were analyzed. Serum from cow B237, which did not receive RB51, was also analyzed.
Results
Titers from animals vaccinated with RB51 were determined by dot-blot assays using ZCE and ␥-irradiated RB51 cells. Identical titers were obtained in a side-by-side experiment with these 2 antigens ( Fig. 1 ). However, several problems were encountered during titering with RB51 cells. When cells were used, the dots were often mottled in appearance ( Fig. 1) and usually had either a much higher signal at the edges of the wells or only had a signal at the edge of the wells. Sometimes, the dot blots using cells had to be repeated because of failure to obtain a signal.
Several detergents were used to extract RB51 cells for use as antigen in the dot-blot assay. Cell extracts prepared using either zwittergent 3-14 in the presence or absence of citric acid, Triton X-100, or SDS at half full, and two-fold detergent concentrations were reacted with preimmune and 10-week immune sera from cow B230 at 1/80, and the signal intensities were visually compared (Fig. 2 ). There was no difference in intensity of signal whether 0.1, 0.5, 1.0, 3.0, or 5.0 l of the extract was used in the assay (data not shown). Similar signal intensities were obtained with the zwittergent extracts whether acidified or nonacidified zwittergent 3-14 was used to extract cells, and the reaction was independent of detergent concentration. When Triton X-100 was used as the detergent, the signal produced with T-100E was suppressed. When SDS was used as the detergent, a positive signal was found with preimmune sera. No changes in viscosity were noted between the extract buffers and cell extracts, suggesting that little if any cell lysis occurred during the extraction.
Cells, detergent-extracted cells, and detergent cell extracts were analyzed by Western blot analysis with several MAbs to OMPs conserved among the classic species of brucellae. MAbs to Omp 10, Omp 16, Omp 19, Omp 25, Omp porin 36 2b, Omp 89, and PG 4 of the rough strain Brucella melitensis 115B (R) were used to detect the OMPs in RB51 cells, S2308 cells, ZC-extracted RB51 cells, ZE-extracted 2308 cells, and ZCE. Results are shown for 3 of the MAbs to Omp 10, Omp 19, and Omp 89 ( Fig. 3) . Omp 25, Omp 36 2b, and Omp 89 could not be found in the extracts without overloading lanes. Even when these OMPs were detected in the extract on a Western blot, the signal was weak and not easily photographed. The MAb to Omp 89 reacted with antigens of different sizes from smooth (S2308) and rough (RB51) brucellae. Although all 7 of the OMPs were expressed by RB51 and were found in the ZCE, none of the OMPs were extracted completely (Fig. 3A, 3B) . The smaller proteins were more easily extracted than the larger ones.
RB51 ␥-irradiated cells and ZCE were reacted with preimmune sera and pooled antisera from 5 RB51-vaccinated cattle (Fig. 4) in a Western blot format to partially characterize the antigens recognized by the sera. Most of the signal was associated with antigens with molecular masses of Ͻ19.7 kD. Antigens with molec-ular masses Ͼ85.0 kD were not detected in the extract. The signal intensity of bands on the Western blot differed between lanes containing cells and those containing the extract. In general, the smaller the antigen the more efficiently the antigen was extracted.
Discussion
Seroconversion of RB51-vaccinated cattle has been shown by use of RB51 cells in a dot-blot assay, 11 but detergent extracts of RB51 cells can also be used as antigens. Though preparation of detergent extracts of cells can be done easily and quickly, preparation of ␥irradiated cells cannot. Irradiation requires both specialized expensive equipment that is not widely available and highly trained personnel. Once cells are grown, it takes Ͻ2 hours to prepare the ZCE with common laboratory equipment. Though culture and extraction of RB51 require level 3 containment because brucellae are human pathogens, the ZCE can be filter sterilized and removed from the containment area for immediate use. Filter sterilization did not affect titers obtained with ZCE. Because the dot-blot format uses a supported nitrocellulose membrane, the assay should be easily adaptable to a dipstick test that could be used in the field.
In a dot-blot assay, antigen prepared by extracting RB51 cells with zwittergent 3-14 in the presence of citric acid gave a more uniform signal development across the dot with antisera than did the cells themselves. The uneven or mottled appearance found with the cells (Fig. 1) suggests that they do not adhere as uniformly or as tightly to the membrane as the extract does. The wells receiving the extract suctioned at an even rate, but those with the cells did not.
The ZCE, ZE, T-100E, and SDS-E did not perform the same in dot-blot analyses. RB51 cells were extracted with zwittergent 3-14 in the presence of citric acid because of previous indications that the efficiency of cell lyses of methanol-killed brucellae was better if they were treated first with zwittergent 3-14 under acid rather than slightly alkaline conditions. 8 Although there could be other causes, the greater ease in lysing cells that were extracted under acid conditions suggested that the acid conditions may result in the extraction of more OMP components. However, the titers were identical whether ZCE or ZE was used as the antigen. The extracts prepared by the use of the deter-gents Triton X-100 and SDS gave unsatisfactory results. T-100E suppressed the development of the signal of positive responses, and the SDS extracts gave a higher signal with preimmune sera than did the other detergents. The successful use of ZCE as an antigen to establish brucellosis antibody titers to RB51 in serum was independent of a number of variables; the same titers were obtained whether the antigen was prepared from RB51 that was grown in a fermenter, ␥irradiated, frozen, and stored for several years at Ϫ70 C or from live RB51 cells that were freshly harvested from trypticase soy plates.
Uninfected cattle generally have titers of 1/20 to 1/ 40 when ␥-irradiated RB51 cells or ZCE is used as the antigen in the dot-blot assay. Cross-reactivity of normal bovine sera with B. abortus is well documented and is often due to Yersina infections. 9 The response of the antisera to both RB51 cells and to the lysate may be the result of preimmune sera reacting with an antigen of 22.0 kD (Fig. 4) as is seen when these sera are reacted in a Western blot format. Elimination of this antigen from the extract might both detect titers of less than 1/20 and increase specificity of the assay. However, because this antigen appears to be the dominant one in the preparation, its removal could reduce titers.
Extraction of known OMPs from the B. abortus membranes and other antigens by citrated zwittergent 3-14 was not complete and varied in efficiency. In general, smaller antigens were extracted more efficiently.
Bands that appeared on the Western blot with RB51 cells that did not react with the extract are presumed to react with intracellular proteins. The antigens of different sizes that reacted with the MAb to Omp 89 on the Western blots were observed previously 16 and are associated with whether the brucellae have a rough or smooth phenotype. If harsher methods had been used for extract ion, more antigen may have been extracted, but the harsher methods might have caused cell lysis. Antigen was not limiting; a 10-fold dilution of the antigen gave the same titers as did full strength antigen.
The major antigens in the extract were small, with apparent molecular weights of Ͻ20,000. The antigens in ZCE are likely to be a mixture of rough LPS and proteins, similar to that found in sheep infected with the rough B. ovis. 7 The results reported here are not easily compared with those described previously for RB51 antisera and S2308 in a Western blot format 11 because different gel concentrations were used and the smooth LPS of S2308 causes distortion during PAGE. Any antigens observed in the lane with the RB51 cells that are not in the RB51 extract may be intracellular proteins. None of the antigens in the extract were identified.
